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192a Monday, February 4, 2013intercellular lipid raft heterogeneity we used fluorescence polarization micros-
copy, displaying local enrichment ofGPI-anchored proteins as a complementary
approach. Furthermore, we utilized the environment-sensitive fluorescence life-
time of NBD-PC to further study membrane order on a single-cell level. We
surmise, that the cell-to-cell variability detected is representative of a context-
dependence of cellular plasma membrane organization. Cell synchronization
and cell cycle analysis were conducted to elucidate a potential correlation of
plasma membrane condition and the position of the cells in the cell cycle.
Considering the high spatial and temporal dynamics of plasma membrane lipid
rafts and the sophisticated methods that are necessary to study them it is con-
ceivable, that the additional complexity of the membrane organization de-
scribed here has not been detected in previous investigations. Nevertheless, it
might be representative of cellular mechanisms that enables adoption to envi-
ronmental demands or proliferative progression.
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Microstructured surfaces provide a unique and versatile platform to study cel-
lular processes associated with the plasma membrane. In a recent study we pre-
sented a micropatterning assay to monitor protein-protein interactions in the
live cell plasma membrane and used it to characterize the interaction between
CD4, a major co-receptor in T cell signalling, and Lck, a protein tyrosine kinase
essential for early T cell signaling (Schwarzenbacher, et al., Nat Methods,
2008). For this assay, cells are plated onto microstructured surfaces partly cov-
ered with ligands (antibodies) targeted against membrane proteins (bait), and
the co-localization with a fluorescently labeled protein of interest (prey) is
monitored.
Here, we employ this technique to probe indirect protein-protein interactions,
namely of the lipid raft-associated GPI(glycosylphosphatidylinositol)-anchored
protein CD59 and a GPI-anchored GFP. Interestingly, antibody-mediated mi-
cropatterning of CD59 leads to a colocalization of GPI-GFP (and vice versa).
The mechanism of this can be envisioned as follows: By patterning of one
GPI-anchored protein, a certain membrane microenvironment is created and
the other GPI-anchored protein preferentially localizes into this environment.
We employ different compounds that have been reported to act as ‘raft’ or
‘non-raft’ markers to further characterize the nature of the generated membrane
patterns.
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We detected sphingomyelin (SM), a ubiquitous kind of phospholipids, con-
tained in model cell membranes, using AFM tips linked with lysenin, a probe
protein that specifically binds SM [1]. The model membranes, containing
phosphatidylcholines (DOPC or DPPC) and cholesterol as well as palmitoyl
sphingomielin (PSM), were deposited on mica as double layers in an aqueous
buffer solution. Smooth bilayers of pure PSM and PSMþcholesterol were dis-
cerned with tips without lysenin. The PSMþDOPC and PSMþDOPCþcho-
lesterol areally were separated into two phases in the sub-micron scale. By
lysenin-conjugated tips, on nearly 90% of the force-curve cycles, no attractive
force was observed. In the rest 10% cases, we observed fairly constant adhe-
sion forces ~ 170 pN for the bilayers containing PSM. This force is less than
one tenth of the force to remove a phospholipid molecule out of bilayer [2],
and therefore recognized as the lysenin single-molecular bonding force with
PSM. Lysenin tips were active for averagely 1000 approaches to PSM con-
taining membranes. Some tips were never active. We plotted the distribution
of adhesive force over the two phases seen on the PSMþDOPC(þcholesterol)
bilayers. In one of two phases, the adhesive forces ~ 170 pN were observed,
and in the other phase, adhesive forces were not measured. The phase conden-
sation of PSM was apparently demonstrated by the distribution of force
curves. The bilayer lipid phase containing PSM and cholesterol corresponds
to the ‘‘raft’’ structure on the real cell membranes, anticipated to be instru-
mental in cellular signaling as well as virus infection. Our present technique
will be applicable for direct observation of the raft on real live cell
membranes.
[1] T. Wang et al., Biochemistry 51 (2012) 74.
[2] R. M. Sullan et al., Langmuir25 (2009) 7471.986-Plat
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When prepared in the liquid-liquid coexistence region, the four component
lipid system distearoyl-phosphatidylcholine (DSPC)/dioleoyl-phosphatidyl-
choline (DOPC)/palmitoyl,oleoyl-phosphatidylcholine (POPC)/Cholesterol
with certain ratios of DOPC and POPC shows striking modulated phase
patterns on the surface of giant unilamellar vesicles (GUVs). In this simula-
tion study we show that the morphology of these patterns can be explained
by the competition of line tension (which tends to favor large round
domains) and curvature, as specified by the Helfrich energy functional. In
this study we use a Monte-Carlo simulation on the surface of a GUV to
determine the equilibrium shape and phase
morphology. We find that the patterns
arising from these competing interactions
very closely approximate those observed,
the patterned morphologies represent ther-
modynamically stable configurations, and
that the geometric nature of these patterns
is closely tied to the relative and absolute
values of the model parameters.987-Plat
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Kelvin Probe Force Microscopy (KPFM) is a type of scanning probe micros-
copy which specifically addresses electrostatic properties of materials and
has a great potential to bring new discoveries in biomedical research, but cur-
rently has limited biological applications.
In this work, we report one of a very few applications of Kelvin probe force
microscopy (KPFM) to study complex structures of lipid films and lipid-
protein interactions. Molecular arrangement of lipids and proteins gives rise
to complex film morphology as well as distinct electrical surface potentials,
which may rule many biological processes and diseases. Using Frequency
Modulated - KPFM (FM-KPFM) we discovered an intriguing nanoscale elec-
trostatic effect of cholesterol that may be crucial for understanding the mech-
anism of amyloid toxicity in relation to Alzheimer’s disease (1). Earlier we
observed similar electrostatic domains induced by cholesterol in pulmonary
surfactant (2,3). Here we show that this electrostatic effect of cholesterol is
not specific to only pulmonary surfactant films, but is also present in model
lipid systems and plays an important role in amyloid-lipid interactions. We pos-
tulate that this previously unknown nanoscale electrostatic effect of cholesterol
is a fundamental property, which may greatly influence the interactions of lipid
membranes with other charged molecules.
1.E.Drolle, R.M.Gaikwad, Z.Leonenko, Nanoscale electrostatic domains in
cholesterol-laden lipid membranes create a target for amyloid binding. Bio-
physical Journal, Letters, 2012, 103(4), L27-L29
2.E.Finot, Y.Leonenko, B.Moores, L.M.Eng, M.Amrein, Z.Leonenko. Effect of
cholesterol on electrostatics in lipid-protein films of a lung surfactant, Lang-
muir, 2010, 26 (3), 1929-1935.
3.B.Moores, F.Hane, L.M.Eng, Z.Leonenko, Kelvin probe force microscopy in
application to biomolecular films: Frequency modulation, amplitude modula-
tion, and lift mode, Ultramicroscopy, 2010, 110(6), 708-711.
988-Plat
Unexpected Effects of Cholesterol on Membrane Permeability
Christian L. Wennberg1, Florian Zocher2, David Van der Spoel3, Peter Pohl2,
Jochen S. Hub4.
1KTH Stockholm, Stockholm, Sweden, 2Johannes Kepler University, Linz,
Australia, 3Uppsala University, Sweden, Sweden, 4Georg-August-University
Go¨ttingen, Go¨ttingen, Germany.
Understanding and predicting the permeability of lipid membranes, based on
the membrane composition and the properties of the permeating solute, is
one of the central goals in membrane biology. One important component of
lipid membranes is cholesterol, that is abundant in animal cells in concentra-
tions ranging from 20 to 50 mol%. Here we apply systematic molecular dynam-
ics simulations to study the partitioning of solutes between water and
cholesterol-containing membranes. We derive potentials of mean force for
six different solutes permeating across 25 different lipid membranes containing
